Introduction
Nowadays chronic kidney disease (CKD) has become a serious public health problem and a severe threat to human health [1] [2] . In recent years, secondary renal disease has gradually become the main cause leading to end stage renal diseases (ESRD). Among all the microvascular complications diabetic nephropathy (DN) is the specific complication of diabetes (DM) with the greatest mortality [3] . In developed countries, 40% of ESRD is caused by DN, and a similar trend comes to occur in developing countries [4] [5] .
The pathogenesis of DN is quite complicated, and thus becomes a popular topic in today's CKD research. Recently it is believed that DM is a chronic inflammatory disease, and antiinflammation may prevent the progression of the complications such as DN [6] [7] . Studies have shown that P-selectin may be involved in the pathogenesis of DN, and may become a novel target of DN therapy [8] [9] . As a result, looking for drugs effective to DN immediately turns into a mission of nephrologists.
Magnoliae fargesii, a herbal medicine was found it has wide range of pharmacological effects, including lowering blood pressure, anti-bacterial, anti-inflammatory and anti-allergic effects, in which the anti-inflammatory effect is taken seriously in particular. Magnoline is one of the important active ingredients of Magnoliae fargesii volatile oil [10] . It is unknown whether magnoline has anti-inflammatory effects on DN. In this work Streptozotocin (STZ) induced diabetic rat model was utilized to study the changes of P-selectin and the renoprotective effects of magnoline.
Materials and Methods

Animals and reagents
Thirty-six healthy male SD rats, weighing 250 ± 20g, were from Shanghai Laboratory Animal Center, Chinese Academy of Sciences. STZ (Sigma) was dissolved in 0.1mol/L pH4.6 citrate buffer and magnoline (Shanghai Oriental Medicine) was dissolved in 0.9% saline before used. ELISA Kit for the determination of P-selectin, ICAM-1 and CRP was provided by Shanghai Immune Biotech, China. Rabbit anti-P-selectin monoclonal antibody, TGF-β1 monoclonal antibody and HRP-conjugated goat anti-rabbit IgG secondary antibody were provided by Shanghai Immune Biotech, China.
Animal model construction
Random number table method was adopted to divide the experimental animals into 4 groups-normal control group (C), diabetic group (D), small-dose magnoline treatment group (M1) and large-dose magnoline treatment group (M2) (n=9 in each group). Group D, M1 and M2 were given intraperitoneal injection of STZ at a dose of 55mg/Kg. Then tail vein blood was collected 72h later, and fasting plasma glucose (FPG) was determined. FPG ≥ 16.7mmol/L was taken as the criterion to determine whether the type 2 DM rat model was successful. Group C received intraperitoneal injection of the same volume of citrate buffer. Magnoline was dissolved in 0.9% saline to reach the final concentration of 0.25 mg/ml. Rats in group M1 and group M2 were treated with 0.5 mg/Kg.d and 2 mg/Kg.d magnoline by tail vein injection respectively. Rats in group C and D were treated with the 0.9% saline. All animals were given normal diets and free water consumption, and sacrificed in the 16th week.
Indicators determination
Two days before the rats were sacrificed, metabolic cages were used to collect 24h urine for the determination of urine albumin excretion rate (UAER). ELISA method was employed for the determination of serum P-selectin, ICAM-1 and CRP, while blood glucose (BG), triglycerides (TG), total cholesterol (TC), blood urea nitrogen (BUN), serum creatinine (SCr), urinary creatinine and other biochemical indicators were determined with an automatic biochemical analyzer. Then the creatine clearance (CCr) was calculated. HPLC method was adopted for the determination of HbA1c. TRIzol was applied to extract mRNA, and realtime RT-PCR detection of P-selectin mRNA expression in the renal cortex was carried out. The sequence of P-selectin primers were: F 5'-GCATACTCATGGAATAACTCACG -3, R 5'-GACGTCATTGAGGTGAGCG-3', and the sequence of internal control GAPDH primers were: F 5'-CCGAGGGCCCACTAAAGG-3', R 5'-GCTGTTGAAGTCACAGGAGACAA-3'.
Renal histological study
Renal tissues were collected for light microscopy and electron microscopy. The pathological changes including levels of mesangial area and foot process effacement in each group were compared. TGF-β1 and P-selectin expression in renal cortex were determined by using SABC immunohistochemical methods and western blot. Western blot analysis was performed with anti-P-selectin and anti-TGF-β1 antibody. Membranes were stained with Coomassie blue, and the total Coomassie blue intensity in each lane was used for normalization [11] .
Statistical analysis
Data were expressed as means ± SD and SPSS18.0 software was employed for data analysis. Multiple comparisons of normally distributed data were analyzed by ANOVA. A value of P<0.05 was considered statistically significant.
Results
Blood glucose and lipid metabolism parameters in diabetic rats
The results showed that the BG and HbA1c in groups D, M1 and M2 were significantly higher than group C (P<0.05), while there was no significant difference among groups D, M1 and M2 (P>0.05). TG and TC in group D were significantly higher than group C, while TG and TC levels in group M1 and M2 were lower than group D (P<0.05), but there was no statistic difference between group M1 and M2 (P>0.05) as shown in Table 1 .
Magnoline attenuated kidney injury
Body weights of the rats in groups D, M1 and M2 were significantly lower than group C (P <0.05). Compared with group D, kidney weight/body weight ratios in group M1 and M2 were lower (P<0.05), but there was no difference between the two groups (P>0.05). BUN and SCr in groups D, M1 and M2 were significantly higher than group C (P<0.05). Compared with group D, BUN and SCr in group M1 and M2 were lower (P<0.05), but there was no difference between the two groups (P>0.05) ( Table 2 ). CCr in group M1 and M2 were higher significantly than group D (P<0.05) as shown in Fig. 1 . UAER in groups D, M1 and M2 was significantly higher than group C (P<0.05). Compared with group D (1572.8±176.2 μg/24h), UAER in group M1 (1078.9±77.3 μg/24h) and group M2 (852.9±80.1 μg/24h) was lower (P<0.05), and UAER in group M2 was even lower than group M1 (P<0.05) as shown in Fig. 1 .
Magnoline reduced renal histological damage
Compared with group C, diabetic rats in group D had wider mesangial area (P<0.05), with increased mesangial cell proliferation in individual segments and matrix. Compared with group D, rats treated with magnoline (group M1 and M2) had less mesangial area (P<0.05) and matrix as shown in Fig. 2 . Under electron microscope compared with group C, diabetic rats in group D had increased mesangial matrix, thickened basement membrane and wider foot process effacement (P<0.05). Compared with group D, rats treated with magnoline (group M1 and M2) had less mesangial matrix and less foot process effacement (P<0.05) as shown in Fig. 3 .
Magoline inhibited the expression of P-selectin, ICAM-1 and CRP
Through correlation analysis, serum P-selectin and ICAM-1, CRP, UAER, and SCr were positively correlated as illustrated in Table 3 (P<0.05). Compared with group C, the expression of serum P-selectin (Fig. 4-A) , P-selectin mRNA in renal cortex (Fig. 4-B) , serum ICAM-1 (Fig. 4-C) and CRP (Fig. 4-D) in group D increased significantly (P<0.05). Compared with group D levels of P-selectin, ICAM-1 and CRP in group M1 and group M2 decreased significantly (P<0.05).
Magoline ameliorated P-selectin and TGF-β1 expression in renal tissues
The results showed that the expression of P-selectin and TGF-β1 in rat glomeruli of group C was very weak, while enormous expression in group D could be observed by using immunohistological staining and western blot. Compared with group D the renal expression of P-selectin and TGF-β1 were attenuated in group M1 and M2 as shown in Fig. 5-7 (P<0.05) .
Discussion
DN is the most common secondary renal disease, one of the microvascular complications of DM, and one of the most crucial death causes of DM [12] . Thus, mechanism and prevention research on DN is one of the most important fields of life sciences [13] [14] .
DN, in essence, is a microvascular disease caused by DM, whose basic pathological changes include glomerular hypertrophy, accumulation of extracellular matrix, basement membrane thickening and glomerular sclerosis. Extensive infiltration of monocytes or A B macrophages in glomeruli is a histological characteristic of DN progression, and is also a basis supporting DN as an inflammatory disease [15] . With the rapid development of cell biology and molecular biology and the deeper understanding of inflammation, the concept of inflammation has gradually been updated [16] [17] . More evidence has shown that diabetic nephropathy is an inflammatory disease just like other glomerular diseases. The activation of cell adhesion molecules, co-stimulatory molecules, cytokines and platelet is involved in the occurrence and development of diabetic complications [7, 8, 10, 18] . 
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As an important member of selectins, P-selectin is a sign of endothelial cells' and platelets' activation, playing an essential role in the occurrence of a variety of inflammatory diseases [19] [20] . It is currently considered that P-selectin and its mediated endothelial injury and platelet aggregation are involved in the development of DN [21] . High blood glucose can lead to enormous P-selectin expression in endothelial cells and enhanced P-selectinmediated leukocyte adhesion. Insulin can contribute to the inhibition of the above effects. The microvascular disease of DM is related to P-selectin-mediated cell adhesion, thrombosis and promoted inflammation [22] . Hyperglycemia stimulates glomerular mesangial cells to secrete monocyte chemoattractant protein-1, which may induce monocytes and macrophages to interact with P-selectin on the surface of endothelial cells and eventually trans-differentiate into foam cells, thereby causing irreversible glomerular sclerosis. Previous studies have found that P-selectin is closely related to glomerular sclerosis and interstitial fibrosis of DN [23] [24] . Another study has shown that P-selectin gene polymorphism may be in line with DN [25]. Anti-P-selectin treatment has demonstrated significant anti-inflammatory effects, with preventive effects on a variety of acute and chronic inflammatory diseases, whose mechanism is the inhibition of the normal combination of P-selectin and its ligands [26] . This research found that P-selectin in the serum and kidney tissue of STZ-induced diabetic rats were significantly higher than normal controls which is consistent with the literature results [27] [28] , and has once again proved that P-selectin is involved in the pathogenesis of DN [29] . Besides, it was found that magnoline could significantly decrease serum lipids and UAER in diabetic rats, reduce renal hypertrophy (kidney weight/body weight ratio), mitigate renal pathological changes, and protect renal function. At the same time, the results showed that both large and small doses of magnoline significantly inhibited P-selectin expression in serum and renal tissue, and reduced renal levels of TGF-β1. Therefore, it can be inferred that Table 3 . Correlations between Serum P-selectin and other parameters A B
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the renoprotective effect of magnoline may be related to the anti-inflammatory effects of the inhibition of P-selectin [30] .
Literatures have reported that P-selectin is closely related to lipid metabolism disorders and atherosclerosis [31] [32] . This study found that the inhibition of P-selectin expression by magnoline was associated with decreased blood lipids. Whether it was the result or cause of the protection of renal function is unclear, and the specific mechanism needs further study. At present, many researches aim to find anti-inflammatory drugs with antagonistic effects on P-selectin, and have achieved some good results [33] .
Our group found that volatile oil of Magnolia biondii had anti-inflammatory effect in rat model with diabetic nephropathy [34] . But volatile oil of Magnolia biondii is a mixture composing of a lot of ingredients. This research indicated that magnoline has protective effect on kidney damage in DN rats, which is in line with previous studies. However, magnoline with anti-inflammatory and anti-platelet effects has extensive pharmacological activity, whose molecular mechanism is complex [35] [36] . Therefore, the mechanism of magnoline for reno-protection in diabetic rats still needs further research. If the molecular mechanism of magnoline in the treatment of diabetic nephropathy is demonstrated, it will serve as a good choice and a different way for the anti-inflammatory treatment of DN. Fig. 7 . Magoline ameliorated P-selectin and TGF-β1 expression in renal cortex. Representative immunohistochemical staining of P-selectin and TGF-β1 in renal cortex from each group (A). Semi-quantitive analysis of P-selectin and TGF-β1 expression in cortex from each group (B). C, normal control group; D, STZ-induced diabetic rats; M1, diabetic rats treated with magnoline (0.5mg/kg); M2, diabetic rats treated with magnoline (2mg/ kg). *P<0.05 vs group C, #P<0.05 vs group D.
